A series of new organosilicon(IV) complexes have general formulae R 3 SiL and RSiLOEt with Schiff bases (R = Me and Ph). The Schiff bases (LH) have been derived from the condensation of (2-hydroxyphenyl)(pyrrolidin-1-yl)methanone with semicarbazide, thiosemicarbazide, and phenylthiosemicarbazide, respectively. The compounds have been characterized by the elemental analysis, molar conductance, and spectral (UV, IR, 1 H, 13 C, and 29 Si NMR) studies. These studies showed that the ligands coordinate with the silicon atom in a tridentate manner through phenolic oxygen, azomethine nitrogen and thiolic sulfur. Further applying experimental spectroscopic techniques, theoretical data calculated using density functional theory by B3LYP/6.31+g(d,p) has also been used for structural determination. The resulting complexes have been proposed to have trigonal bipyramidal and distorted octahedral geometries. Few representative Schiff base and their silicon complexes have been screened for their in vitro antibacterial activity against Gram-positive and Gram-negative bacteria. The minimum inhibitory concentration (MIC) of selected compounds was determined. The screening results show that organosilicon(IV) complexes have better antibacterial activity than the free ligands. Ó 2016 University of Bahrain. Production and Hosting by Elsevier B.V. This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
Introduction
The chemistry of complexes with hypercoordinated silicon atoms is attractive from many points of view such as reactivity, biological activity, and structural features as reported (Chuit et al., 1999; Devi et al., 2012) previously. Schiff base complex compounds have taken a wide place in coordination chemistry and have an important role in the development of bioinorganic chemistry and biochemistry (Ali et al., 2012; Mohamed et al., 2014; Kothari and Sharma, 2014; Savithiri et al., 2014; Singh, 2009) . Metal complexes of the Schiff bases possess numerous applications including antibacterial, antifungal and other biological applications, as well as clinical, analytical and industrial in addition to their important roles in catalysis. Thiosemicarbazones and semicarbazones compound possessing varied significant biological activity have been reported, such as antifungal (Nath et al., 2000; Thanh et al., 2015; Reis et al., 2013) , antibacterial (Kalaivani et al., 2012; Singh et al., 2014) , antitumor (Tojal, 2012; Arora et al., 2014) , anti-Inflammatory (Asif and Husain, 2013) , antileukemia (Pahontu et al., 2015) , cytotoxic (Silva et al., 1998) , antioxidant (Singhal et al., 2011) , anticonvulsant (Kumar and Raj, 2013) , and anticancer (Naidu and Kinthada, 2012; Kulandaivelu et al., 2011) , activities. Metal complexes of the Schiff bases possess numerous applications including antibacterial, antifungal, antiviral, anticancer and other biological applications, as well as clinical, analytical and industrial in addition to their important roles in catalysis.
Keeping in view the biological and medicinal importance of thiosemicarbazones, semicarbazones and the role of metal ions in biology, we herein report the synthesis of a new series of Schiff bases from the condensation reaction of (2-hydroxyphe nyl)(pyrrolidin-1-yl)methanone with semicarbazide, thiosemicarbazide, and phenylthiosemicarbazide. These synthesized Schiff bases were further used to react with organosilicon (IV) ions to form their respective organosilicon(IV) complexes with the hope that these compounds would form a novel class of silicon-based bioactive compounds and, moreover, may have a tendency to reduce the resistivity of bacterial strains. The synthesized ligands and their organosilicon(IV) complexes have been investigated for in vitro antibacterial activity against Gram-negative and two Gram-positive bacterial strains.
Experimental

Materials and methods
Adequate care was taken to keep the organosilicon(IV) complexes, chemicals, and glass apparatus free from moisture; clean and well-dried glass apparatus fitted with quick fit interchangeable standard ground joints was used throughout the experimental work. All reagents were purchased from Aldrich, Merck and were used as such. The solvents were dried and purified according to the standard method. Melting points were determined in an open glass capillaries and were uncorrected. The ligands were prepared by the condensation of (2-hydroxyphenyl)(pyrrolidin-1-yl) methanone with semicarbazide, thiosemicarbazide, and phenylthiosemicarbazide as described earlier (Singh et al., 2015 (Singh et al., , 2016 .
Analytical methods
Silicon was determined gravimetrically as SiO 2 . Nitrogen and sulfur were estimated by Kjeldahl's and Mesenger's methods, respectively. Molecular weights were determined by the Rast camphor method. Infrared spectra were recorded on a Perkin Elmer, IR SP-2 spectrometer. 1 H, 13 C and 29 Si NMR spectra were recorded in DMSO-d 6 using tetramethylsilane as internal standard on a Bruker Avance II FTNMR 400 MHz spectrometer. UV-visible spectra were recorded on an Agilent Carry 60 UV-visible double-beam spectrophotometer at room temperature in DMSO. Systronics Conductivity Bridge (model 305) was used for molar conductance of the organosilicon(IV) complexes at room temperature.
Computational methods
In order to understand the molecular geometry optimization of the compounds were performed with the Gaussian 03 software package, and Gauss view visualization program (Frisch et al., 2004; Becke, 1986) using the B3LYP/6.31+g(d,p) basic sets to predict the molecular structures. Calculations were carried out with Becke's three parameter hybrid model using the Lee-Yang-Parr correlation functional (B3LYP) method.
Syntheses of trimethylsilicon(IV) complexes and phenylsilicon(IV) complexes
A weighed amount of trimethylethoxysilane and triethoxyphenylsilane in dry methanol was added to the calculated amount of the ligands in 1:1 M ratio. The contents were refluxed on a fractionating column for about 10-12 h and the ethanol librated in the reaction was removed with solvent. Excess solvent was removed under reduced pressure and the compounds were dried under vacuum at 40 ± 5°C after repeated washing with dry cyclohexane. The compounds were purified by recrystallization from the same solvent. The purity was further checked by TLC using silica gel G. Si, 8.35; C, 53.54; H, 7.19; N, 16.65; S, 9.53; found: Si, 8.27, C, 53.45; H, 7.10; N, 16.56; S, 9.44; molecular weight: found, 330.67, calcd. 336.67 Si, 6.81; C, 61.13; H, 6.84; N, 13.58; S, 7.77; found: Si, 6.75, C, 61.03; H, 6.75; N, 13.58; S, 7.65; molecular weight: found, 410.46, calcd., 412.62 . Molar conductance (DMF, 10 À3 , ohm À1 mol À1 cm 2 ): 15.5; Infrared (KBr, cm À1 ): m(C‚N), 1622; m(CAO) 1272; m(CAS) 845; m (Si N), 486; m(SiAO), 556; m(SiAC), 732. UV-Vis (k max , nm): 230, 285, 375; 1 H NMR (DMSO-d 6 , d ppm, 400 MHz): 7.56-7.25 (m, 7H, aromatic), 7.76 (d, 1H, J = 6.9 Hz, aromatic) 6.96 (d, 1H, J = 8.0 Hz, aromatic), 3.50-3.18 and 1.90-1.78 (m, 8H, pyrrolidine); 4.54 (s, 2H, NHAPh); 1.12 (s, 9H, SiAMe). 13 C NMR (DMSO, d ppm, 100 MHz): 168.4 (ACAS), 159.5 (C‚N), 44.8, 44.1 (ACH 2 ACH 2 A, pyrrolidine); 24.7, 23.98 (ACH 2 ACH 2 A, pyrrolidine); 132. 5, 130.8, 130.1, 128.1, 122.3, 119.2, 117.1, 116.6, 115.5 Si: Si, 8.76; C, 56.22; H, 7.55; N, 17.48; found: Si, 8.68, C, 55.10; H, 7.50; N, 17.35; molecular weight: found, 311.87, calcd., 4320.46 , 58.22; H, 5.86; N, 13.58; S, 7.77; found: Si, 6.67; C, 58.10; H, 5.88; N, 13.46; S, 7.70; molecular weight: found, 401.66, calcd. 412.58 , 5.78; N, 11.47; S, 6.56; found: Si, 5.70, C, 63.78; H, 5.84; N, 11.44; S, 6.50; molecular weight: found, 469.99, calcd., 488.68 . Molar conductance (DMF, 10 À3 , ohm À1 mol À1 cm 2 ): 15.5; Infrared (KBr, cm À1 ): m(C‚N), 1628; m(CAO), 1275; m (CAS), 850; m(Si N), 470; m(SiAO), 585. UV-Vis (k max , nm): 220, 270, 368; 1 H NMR (DMSO-d 6 , d ppm, 400 MHz): 7.68-7.12 (m, 7H, aromatic), 7.78 (d, 1H, J = 6.9 Hz, aromatic) 6.98 (d, 1H, J = 8.2 Hz, aromatic), 3.51-3.12 and 1.92-1.85 (m, 8H, pyrrolidine); 4.52 (s, 2H, NHAPh). 13 C NMR (DMSO, d ppm, 100 MHz): 167.9 (ACAS), 155.1 (C‚N), 45.6, 44.6 (ACH 2 ACH 2 A, pyrrolidine); 25.6, 24.9 (ACH 2 ACH 2 A, pyrrolidine); 131. 9, 130.5, 130.1, 127.6, 122.6, 118.4, 116.8, 116.1, 115.8 (Singh et al., 2014) . 5 ml aliquot of nutrient broth was inoculated with the test organisms and incubated at 35°C for 24 h. Sterile nutrient agar plates were also prepared and holes of 6 mm diameter were cut using a sterile cork borer ensuring proper distribution. The test organisms after 24 h of incubation were spread onto separate agar plates. The chemical compounds dissolved in DMSO were poured into appropriately labeled holes using a pipette in aseptic conditions. A hole containing DMSO served as a negative control. Triplicate plate of each bacterial strain was prepared. The plates were incubated aerobically at 35°C for 24 h. The antimicrobial activity was determined by measuring the diameter of the zone (mm) showing complete inhibition with respect to control (DMSO).
Determination of minimum inhibitory concentration (MIC)
MIC was determined by serial dilution method. Drugs and compounds with inhibitory zones against the above mentioned bacterial strains were used in this part. The two fold serial dilution technique (Al-Burtamani et al., 2005) was used to determine minimum inhibitory concentration (MIC) values. In this method, the various test concentrations of synthesized compounds were made from 200 to 0.39 lg/ml in sterile tubes No. 1-10. 100 lL sterile Nutrient Broth was poured in each sterile tube followed by addition of 200 lL test compound in tube 1. Two fold serial dilutions were carried out from tube No. 1 to tube 10. The incubating period for the bacteria was 24 h at 35°C. The lowest concentration of a compound that resulted in complete inhibition of the visible microbial growth after incubation was recorded as the MIC value. Streptomycin and Ciprofloxacin were taken as standard bactericide, for assessing the activity results.
Results and discussion
Chemistry
Schiff base derivatives (LH) of semicarbazone and thiosemicarbazones were prepared by the condensation reaction of (2 -hydroxyphenyl)(pyrrolidin-1-yl)methanone with semicarbazide, thiosemicarbazide and phenylthiosemicarbazide. All the synthesized Schiff base derivatives are soluble in methanol, DMF and DMSO at room temperature. The organosilicon(IV) complexes prepared from these ligands were obtained by the reaction of the corresponding ligands with the silicon(IV) ions in a 1:1 M ratio (Scheme 1). They are moderately soluble in Synthesis and study of biologically active organosilicon(IV) complexes common organic solvents and completely soluble in DMF and DMSO. Their physical properties and analysis are recorded in Section 2.
Conductance measurements
The molar conductance of all the organosilicon(IV) complexes (1-6) was observed at room temperature in DMF as a solvent and their results in (X À1 cm 2 mol À1 ) are recorded. The molar conductance values of all the organosilicon(IV) complexes at room temperature fall in the range 10.9-15.7 X À1 cm 2 mol À1 , indicating that these complexes are non-electrolytic in nature.
Spectroscopic characterization
IR spectra
The characteristic bands in the IR spectra data of organosilicon (IV) complexes are reported in Section 2. The infrared spectra of complexes are given in Supplementary material (Figs. S1-S6). The disappearance of original bands at 3325 and 1715 cm À1 due to amino (NH 2 ) and keto (>C‚O) groups and, in turn, the appearance of a new band at 1613-1625 cm À1 assigned to the azomethine (AC‚N) linkage (Singh et al., 2001) provided a clue to the condensation of amine with ketone resulting in the formation of the desired Schiff bases. All the Schiff base ligands possessed potential donor sites such as the phenolic oxygen (PhAO), azomethine nitrogen (AC‚N), and thiolic sulfur (ACAS), which have a tendency to coordinate with the silicon ions. The IR spectra of all the ligands exhibited absorption bands at 1613-1625, 1282-1295, 875-945, 1380 and 1695 cm À1 , respectively, assigned to the vibrations m(C‚N), m (CAO), m(NAN), m(C‚S) and m(C‚O). Comparison of the IR spectra of the Schiff base ligands with corresponding silicon complexes provided further evidence of the coordination of the silicon ions with the Schiff base ligands. The overall conclusions may be drawn from the comparison:
1. All the Schiff base ligands showing IR bands at 1613-1625 cm À1 due to azomethine nitrogen shifted (Singh et al., 2012 (Singh et al., , 2013a to a lower frequency (10-18 cm À1 ) at 1622-1635 cm À1 , representing involvement of the azomethine nitrogen in coordination with the silicon atom. 2. In the spectra of ligands a strong band at $3300 cm À1 that corresponds to the m(OH) group have disappeared in the spectra of complexes due to the deprotonation, indicating coordination through the phenolic oxygen to silicon(IV) atom. 3. The free ligands showed a band at $1290 cm À1 which is due to m(CAO). This band is shifted to lower wave numbers at 1265 ± 10 cm À1 in the organosilicon(IV) complexes, indicating the coordination of phenolic oxygen to the organosilicon(IV) atom. This coordination was supported by the appearance of a new band at 445-460 cm À1 assigned to m(SiAO). 4. The IR spectra of the ligands show medium intensity bands in the regions of $3105 cm À1 and $2748 cm À1 which may be assigned to m(NAH) and m(SAH) vibrations, respectively. Other bands in the region of 1343-1330 cm À1 due to m(C‚S) suggest that ligands exist in the thiol-thione tautomerism. These bands disappeared in the spectra of silicon (IV) complexes and a new band appeared in the range 870-848 cm À1 which was assigned to m(CAS) (Wang et al., 2013) . This indicates the deprotonation of the thiol group, which supports chelating through sulfur atom. 5. In all the organosilicon(IV) complexes, a new band appearing at 520-532 cm À1 due to m(SiAN) vibrations indicated the coordination of azomethine nitrogen with the silicon atom (Kadish et al., 1988 ). 6. In trimethyl and phenyl silicon complexes, the bands at 1422, 1120, 715 and 700 cm À1 have been attributed to the asymmetric and symmetric modes of SiACH 3 and SiAC 6 H 5 groups (Malhotra et al., 2007) , which do not appear in the spectra of ligands. 7. The bands observed at 3445 and 3370 cm À1 are due to the symmetric and asymmetric modes of amino (NH 2 ) group. These bands are observed at almost the same position in the spectra of organosilicon complexes suggesting the non-involvement of this amino group in coordination. All other bands remain unchanged in the spectra of all ligands and their corresponding silicon complexes.
The IR spectra of all ligands and their organosilicon(IV) complexes conclusively showed that the ligands acted as tridentate and coordinated with the silicon atoms via the azomethine nitrogen, phenolic oxygen, and thiolic-sulfur/ketonic-oxygen atoms.
1 H NMR spectra
The 1 H NMR spectral data of organosilicon(IV) complexes are reported in Section 2. 1 H NMR spectra of complexes are given in Supplementary material (Figs. S7 and S8) . The exhibited signals of all the protons due to aromatic groups were found to be in their expected region. The 1 H NMR spectra of free ligands showed resonance signals at $d 12.90, 9.05, 7.75-6.74, and 3.54-1.92, ppm, due to OH, NH, aromatic protons, and pyrrolidine protons, respectively. The 1 H NMR spectra of the ligands exhibit, peaks at $d 12.90(s) and 9.05 (s) ppm characteristic of the AOH and ANH protons, respectively. After complexation, the disappearance of the signal due to AOH and NH protons in the spectra of silicon complexes indicates the deprotonation of these groups and that supports the coordination of ligand through oxygen atom to the central silicon atom. Further, the appearance of signals due to NH 2 protons at the same positions Scheme 1 Synthesis of organosilicon(IV) complexes.
in the ligands and their complexes, confirms the nonparticipation of this group in coordination. The ligands give a complex multiplet signal in the region of d 7.75-6.85 ppm for the aromatic protons, and these remain at almost the same position in the spectra of the silicon complexes. The new signals at $d 1.75 ppm and $d 6.20 ppm in trimethyl and phenylsilicon (IV) complexes are due to Me 3 Si and PhSi groups, respectively.
13 C NMR spectra
The 13 C NMR spectral data of ligands and their silicon complexes were recorded in DMSO and reported in Section 2. 13 C NMR spectra of complexes are given in Supplementary  material (Figs. S9-S11 ). The proposed coordination in these complexes has been supported by the shifting in chemical shift values of the carbon atoms attached to the azomethine nitrogen atom, phenolic oxygen atom and thiolic sulfur atom. The signals due to the carbon atom attached to the azomethine group in the ligands appear at d 166.2 ± 1.70 ppm. However, in the spectra of the corresponding silicon complexes, these appear at d 158.4 ± 2.2 ppm. The considerable shift in the resonance of the carbon atom attached to nitrogen indicates that the azomethine nitrogen has been involved in coordination. The signals due to the carbon atoms attached to the C‚S/ C‚O groups in ligands appear at d 181.5-179.4 ppm. In the spectra of the corresponding silicon complexes, these signals appear at d 172.6-168.4 ppm. The considerable shifts in the positions of these signals clearly indicate the involvement of these functional groups in bond formation with the silicon atom. The carbon of methyl groups (SiACH 3 ) is observed at a position comparable to other similar compounds. A signal due to carbon of ethyl group attached to silicon appeared at $17.8 ppm, while the carbon atom of the phenyl group attached to the silicon moiety appeared at 146.9-135.9 ppm. Signals due to aromatic carbon atoms of the ligands appeared in the range 131.9-115.3 ppm, which remain almost same in the spectra of silicon complexes. The conclusions drawn from these studies provided further support to the modes of bonding already explained in the IR and 1 H NMR spectral data.
29 Si NMR spectra
In order to confirm the geometry of the complexes, 29 Si NMR spectra of the complexes was recorded. The value of d 29 Si in the spectra reflects the coordination number of the nucleus in the corresponding silicon complexes (Sedaghat and Pour, 2009; Singh et al., 2013a,b,c; Mohamed et al., 2006) . 29 Si NMR spectra of silicon complexes give a sharp signal at $d À92.7 ppm and d À107.2 ppm which are in good agreement with the values for penta-and hexa-coordinated state around the silicon atoms. The spectra show in each case only one sharp singlet indicating the formation of a single species and 29 Si H NMR spectrum of Me 3 SiL 2 (2) is given in Fig. 1 . On the basis of above spectral studies, the following five and six coordinated geometries have been suggested for PhSi(L)OEt and Me 3 SiL types of complexes, respectively.
Electronic spectra
The mode of bonding and the geometry of these complexes were established with the help of different spectral studies. The electronic spectra of ligands and their organosilicon(IV) complexes were measured in dry methanol. The electronic spectra of ligands exhibit maxima at $380 nm, which could be assigned to the n-p * transition of the azomethine group which undergoes a lower side in the silicon(IV) complexes due to the polarization within the >C‚N chromospheres group caused by the silicon-ligand interaction. This clearly indicates the coordination of azomethine nitrogen atom to the silicon atom (Varshney et al., 2000) . Ligands exhibit another two bands at around $225 nm and $276 nm, due to p-p * transitions, which may be due to the p-p * transition of benzenoid and p-p * transition of CAOH, chromospheres, respectively. These bands remain approximately at same positions or minor change in the spectra of the silicon complexes. Synthesis and study of biologically active organosilicon(IV) complexes two compounds were theoretically studied. In compound (3) the value of the SiAN distance, is 1.8545 Å and SiAO in the range 1.8492/1.6579 Å , and in compound (6) the value of the SiAN distance, is 1.8114 Å and SiAO in the range 1.8227/1.5811 Å , which are similar to the already reported by X-ray structures of MeSi [{OC 6 H 3 (OMe)C(Ph)N} 2 (CH 2 ) 2 ](NCS), complexes (Gonza´lez-Garcı´a et al., 2009 ). The calculated SiAN bond distance is also close to that already reported by the X-ray crystal study of silicon(IV) complexes (Si[{OC 6 H 3 (OMe)C(Ph)N} 2 (CH 2 ) 2 ](NCS) 2 and SiO4 N skeletons) (Gonza´lez-Garcı´a et al., 2009; Seiler et al., 2007) . In compound (3) re in good agreement with the values reported for five coordinated silicon complexes (Seiler et al., 2007) .
Frontier molecular orbitals
The HOMOs and LUMOs are known as Frontier molecular orbitals, which played an important role for evaluating molecular chemical stability, chemical reactivity, chemical hardness and chemical softness of the molecule (Tang et al., 2011) . The HOMO and LUMO energy, energy gap (DE), chemical potential (l), electronegativity (v), chemical hardness (g), global softness (S), electrophilicity index (x) and dipole moment of L 3 H, Me 3 SiL 3 and PhSiL 3 OEt are listed in Table 3 . In the HOMO and LUMO analysis, the figure shows orbital density plots of HOMO and LUMO for the ligand, in which the LUMO surface mostly is delocalized on the aromatic ring. In the surface shown for the HOMO level, the C‚N group is overlapped. In this molecular system, Figs. S12-S14 shows that the 3D plots of the HOMO frontier orbital density is located around the silicon atom; meanwhile, the density of the LUMO frontier orbital is in the ligand and tends to move toward the functional groups. As depicted in Table 3 , L 3 H has a larger energy gap than its silicon complexes. The energy gap, DE, is directly involved in the chemical hardness/softness of a chemical species. Furthermore, the chemical hardness of a system implies resistance to charge transfer, whereas global softness is proportional to the polarizability of the system. Another electrophilicity index (x) describes the electron accepting ability of the systems. High values of the electrophilicity index increase the electron accepting abilities of the molecules. Thus, the electron accepting abilities of LH and their complexes are arranged in the following order: Me 3 SiL 3 > PhSiL 3 OEt > L 3 H.
Mulliken atomic charges
The Mulliken atomic charges of L 3 H, Me 3 SiL 3 and PhSiL 3 OEt compounds are calculated by B3LYP/6-31++G(d,p) and hf/6-31++G(d,p) basic sets. The Mulliken atomic charge calculation has an important role of in the application of quantum chemical calculation to molecular system because atomic charges affect dipole moment, molecular polarizability, electronic structure, and a lot of properties of molecular system (Sidir et al., 2010) . The results are shown in Tables S1-S3. The Mulliken charge distribution of ligand shows that the carbonyl oxygen atom is more negative (À0.574) as compared to phenolic oxygen and azomethine nitrogen atoms (À0.418 and À0.065). The lower negative charges on nitrogen atoms are due to the charge transfer in OAH/N-type intra-molecular hydrogen bonds. On the other hand, in the silicon(IV) complex, the charges of the all O and N atoms are negative, except the N atoms of amino groups. However, these negative charges are lower than the observed in ligand. The charge of the Si 4+ ion in the Free State is +4.0. It is seen that the positive charge of the silicon ion decreases to 2.4046 in Me 3 SiL 3 complex and 2.641 in PhSiL 3 OEt, which indicates that transfer of electrons from the ligand to the silicon ion has occurred and the coordination bonds have formed. The silicon(IV) atom has a positive charge in complexes. It has been noted that all hydrogen atoms are positively charged. It has also been observed that some carbon atoms are positive and some are negative. In ligand (L 3 H), C3, C5, C11, C14 and C15 are positively charged atoms, while the remaining is negatively charged. In the complex (Me 3 SiL 3 ), C3, C5, C7 and C11 are positively charged atoms, while the others are negatively charged. In the complex (PhSiL 3 OEt), C3, C6, C7, C11, C12 and C15 are positively charged atoms, while the remaining is negatively charged. Such a type of charge distribution generates the total dipole moment of 8.2429, 14.0375 and 7.6195 Debye for L 3 H, Me 3 SiL 3 and PhSiL 3 OEt, respectively.
Antibacterial activity
The (Table 5 ). The other compound PhSi(L 3 )OEt also exhibited good MIC value i.e. 6.25 lg/mL against S. aureus, B. cereus. Me 3 SiL 1 is found to show maximum activity against E. coli with zone of inhibition 24.5 mm, i.e. near to standard drugs. However other tested compounds showed moderate antibacterial activity. It has been observed that the metal complexes showed an increased zone of inhibition against the bacterial strains as compared to ligands. A marked enhancement of in vitro biocidal studies of ligands was exhibited in coordination with silicon atom against all microorganisms' strains under tested identical experimental conditions. The biological activity of the Schiff base exhibited a considerable enhancement on coordination with the metal ion against all bacterial strains. This enhancement in the activity may be rationalized on the basis that its structure mainly possess an additional >C‚N bond. It has been suggested that Schiff base with nitrogen and sulfur/oxygen donor systems inhibit enzyme activity, since the enzymes which require these groups for their activity appear to be especially more susceptible to deactivation by metal ions on coordination. Moreover, coordination reduces the polarity of the metal ion mainly because of the partial sharing of its positive charge with the donor groups (Meyer et al., 1982; Chohan et al., 2002) within the chelate ring system formed during coordination Singh et al., 2013a,b,c) . This process, in turn, increases the lipophilic nature of the central metal atom (Singh et al., 2014) , which favors its penetration of the metal complexes into the lipid layer of cell membrane resulting in interference with normal cell process and also disturbing the respiration process of cell and blocking the synthesis of proteins, which further restricts growth of organisms. Some important factors such as the nature of the metal ion, nature of the ligand, coordinating sites, and geometry of complex, concentration, lipophilicity and presence of co-ligands have a considerable influence on antibacterial activity. Certainly, steric and pharmacokinetic factors also play a decisive role in deciding the potency of an antimicrobial agent. The presence of lipophilic and polar substituent is expected to enhance antibacterial activity. Thus antibacterial property of metal complexes cannot be ascribed to chelation alone, but it is a complicated mix of several contributions. Thus it can be postulated that further studies of these complexes in this direction could lead to more interesting results.
Conclusion
We report here the synthesis and characterization of new complexes of organosilicon(IV) with sulfur, oxygen and nitrogen donor ligands. The ligand coordinates to the organosilicon(IV) ions through the phenolic oxygen, azomethine nitrogen and sulfur/oxygen atoms. Based on the spectral and DFT calculations, trigonal bipyramidal and distorted octahedral structures have been assigned to all the complexes. The antibacterial activity screening of the silicon complexes showed varied activities but they are more active than the free ligands. The MIC determinations revealed that the Me 3 SiL 1 complexes are more active. 
